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Abstract 
BACKGROUND: Weaning from invasive mechanical ventilation (MV) is considered as a daily challenging practice 
in the management of critically ill patients. The use of lung ultrasound and change in haemoglobin and hematocrit 
during weaning may help to predict weaning outcomes. 
AIM: We aim to study the impact of weaning induced pulmonary edema on outcomes of weaning from mechanical 
ventilation. 
PATIENTS AND METHODS: Sixty patients who fulfilled readiness criteria for weaning from MV. Spontaneous 
breathing trial (SBT) on T-piece for 120 minutes was performed under close hemodynamic monitoring. Lung 
ultrasound was performed using eight lung zones protocol to detect both the presence and the trend of change in 
B lines before and after SBT. For all the studied patients, haemoglobin and hematocrit values were checked just 
before and at the end of SBT. 
RESULTS: Patient who failed to pass SBT showed significant increase in lung segments showing B pattern, 
haemoglobin and hematocrit levels (p-value < 0.001 for all) also those patients had significantly higher duration of 
ICU stay (p-value < 0.001) Despite mortality rate was higher among patients who failed SBT yet it was statistically 
insignificant (p-value 0.104). 
CONCLUSION: lung ultrasound and both haemoglobin and hematocrit levels correlate with weaning outcomes. 
 
 
 
 
 
 
 
Introduction 
 
Weaning from mechanical ventilation is a 
daily challenging practice in intensive care units that 
require a thorough understanding of the factors which 
contribute to weaning outcomes [1]. Failure of 
weaning from mechanical ventilation increases the 
length of mechanical ventilation and length of stay in 
the intensive care unit, and it is associated with poor 
outcome [2]. 
Mechanical ventilation generally exerts 
negative hemodynamic effects in patients with normal 
cardiac function mainly because of the reduction in 
venous return induced by positive intra-thoracic 
pressure at each insufflation. In contrast, positive 
pressure ventilation exerts beneficial effects in 
patients with cardiogenic pulmonary oedema such 
that it is routinely used as a therapy in this category of 
patients [3]. 
The mechanisms that contribute to the 
development of cardiogenic pulmonary oedema 
during weaning are complex and mainly include the 
inspiratory fall in intrathoracic pressure, the increase 
in work of breathing, and the catecholamine discharge 
that occur during the abrupt transfer from mechanical 
ventilation to spontaneous breathing [4]. Inspiratory 
fall in intrathoracic pressure tends to increase the 
systemic venous return pressure gradient and the 
central blood volume and to decrease the left 
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ventricular (LV) ejection pressure gradient with a 
resulting increase in LV afterload [5], [6]. 
In addition to the simultaneous increase in 
systemic venous return, the increased RV afterload 
may lead to a marked RV enlargement during 
weaning, thus impeding the diastolic filling of the left 
ventricle through a biventricular interdependence 
mechanism [7], [8]. 
Lung ultrasound is a simple, non-invasive 
technique that is very helpful in the detection of 
extravascular lung water [9]. In patients who are 
intubated and mechanically ventilated, during the 
liberation from mechanical ventilation the occurrence 
of weaning induced pulmonary oedema can be 
detected by the increase in B lines which is a simple 
and sensitive sonographic finding using lung 
ultrasound [10]. 
During the development of hydrostatic 
pulmonary oedema, the transfer of hypo-oncotic fluids 
from the pulmonary circulation toward the interstitial 
space often concerns an important volume so that it 
may result in a significant blood volume contraction 
hence the measurement of haemoglobin and 
hematocrit concentrations may be valuable easy and 
costless method for diagnosing weaning induced 
pulmonary oedema [11]. 
 
 
Methods 
 
Design: This prospective cohort observational 
study to assess the accuracy of lung ultrasound and 
change in haemoglobin and hematocrit levels for 
predicting weaning outcomes. 
Population: this study was conducted on sixty 
patients admitted to the Department of Critical Care 
Medicine, Faculty of Medicine, Cairo University, from 
April 2017 to September 2018. Patients included in 
the study were intubated and mechanically ventilated 
for more than 24 hours and fulfilled criteria of 
readiness to start spontaneous breathing trials (SBT) 
[12].
 
1) Adult patients > 18 years; 2) Improvement of 
the underlying cause of acute respiratory failure;
 
3) 
Patients conscious, alert and can protect airways; 4) 
Inspired oxygen fraction below 0.5;
 
5) Positive end-
expiratory pressure (PEEP) below 5 cm H2O, and
 
6) 
Absence of vasopressor and/or inotropic drugs. 
Exclusion criteria were: 1) Patients with impaired 
consciousness and cannot protect airways; 2) 
Patients on vasopressor and /or inotropic support; 3) 
Patients diagnosed with neuromuscular disorders, and 
4) Inappropriate acoustic windows. 
Ethical aspects: The study was approved by 
the Ethical Committee of Cairo University, and 
informed consent was obtained from the first degree 
relative of all enrolled patients. 
Procedures/Measurements 
Spontaneous breathing trial (SBT): All 
patients who met the readiness criteria to start SBT 
for weaning were connected to T-piece with 
continuous oxygen source. Continuous hemodynamic 
monitoring during SBT to the patients. SBT was 
continued for 120 minutes, and patients who 
succeeded to pass SBT were then extubated with 
continuous monitoring and observation for signs of 
failure of weaning for 48 hours. 
Ultrasound technique: Lung ultrasound was 
performed using TOSHIBA ACUSON X 300 with 2 to 
4-MHz convex probe. The sonographic examinations 
were performed while the patients in the supine 
position. Four quadrants were examined in each 
hemithorax: anterior–superior, anterior-basal 
(between the parasternal line and the anterior axillary 
line), lateral-superior and lateral-basal (between the 
anterior axillary line and the posterior axillary line) 
(Figure 1) [13].
 
The examination was performed 
before starting and at the end of SBT searching for B 
lines. 
 
Figure 1: Four lung zones for LUS examination [13] 
 
The B-lines are an “echoic, coherent bundle 
with a narrow basis, spreading from the pleural line to 
the edge of the screen without fading". B pattern 
positive region is deﬁned by the presence of three or 
more B-lines in a longitudinal plane between two ribs 
and Two or more positive regions bilaterally is 
consistent with the diagnosis of the interstitial 
syndrome [14].
 
Haemoglobin and hematocrit measurements: 
two blood samples were withdrawn from every patient 
just before the start and at the end of SBT to measure 
haemoglobin and hematocrit concentration. 
 
Statistical Methods 
Data were coded and entered using the 
statistical package SPSS (Statistical Package for the 
Social Science; SPSS Inc., Chicago, IL, USA) version 
22. Data were summarised using mean and standard 
deviation in quantitative data and using frequency 
(count) and relative frequency (percentage) for 
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categorical data. Comparisons between quantitative 
variables were made using the non-parametric Mann-
Whitney tests. For comparison of serial 
measurements within each patient in each group, the 
non-parametric Wilcoxon signed-rank test was used. 
For comparing categorical data, Chi-square (2) test 
was performed. Exact test was used instead when the 
expected frequency is less than 5. ROC curve was 
constructed with the area under curve analysis 
performed to detect the best cutoff value for detection 
of success of 1
st
 SBT. P-values less than 0.05 were 
considered as statistically significant. 
 
 
Results 
 
According to the outcome of SBT, the study 
population were divided into two groups Group I 
(n=36): patients who passed SBT successfully Group 
II (n=24): patients who failed to pass SBT. 
The baseline characteristics of the studied 
patients were shown in Table 1. 
Table 1: The baseline characteristics of the 60 patients 
included in the study 
Variables  All patients Group 1 Group II P-value 
Age  57.25 ± 18.05 50.81 ± 18.18 67.58 ± 12.55 < 0.001 
Gender  
33 males 16 (44.4%) 17 (70.8%) 
0.044 
27 females 20 (55.6%) 7 (29.2%) 
Body mass index 
(BMI) 
28.04 ± 6.57 27.34 ± 5.39 29.08 ± 8.04 0.850 
Numbers of days 
before SBT  
5.23 ± 2.54 4.00 ± 1.69 7.08 ± 2.50 < 0.001 
Comorbidities: 
Smoking 28 11 (30.6%) 17 (70.8%) 0.002 
Diabetes mellitus 
(DM) 
22 12 (33.3%) 10 (41.7%) 0.512 
Hypertension (HTN) 29 10 (27.8%) 19 (79.2%) < 0.001 
Systolic heart failure 16 5 (13.9) 11 (45.8) 0.006 
Renal impairment  22 12 (32.2%) 10 (41.2) 0.512 
Chronic obstructive 
pulmonary disease 
(COPD) 
19 5 (13.9%) 14 (58.3%) < 0.001 
Chronic liver 
disease  
6 6 (16.7%) 0 0.072 
Ischemic heart 
disease (IHD) 
20 8 (22.2%) 12 (50%) 0.025 
Malignancy  8 2 (5.6%) 6 (25%) 0.05 
Cause of mechanical ventilation 
Disturbed conscious 
level (DCL) 
15 13 (36.1%) 2 (8.3%) 
 
 
 
0.001 
Pneumonia 15 7 (19.4%) 8 (33.3%) 
COPD excerbation 12 2 (5.6%) 10 (41.7%) 
Hemodynamic 
instability 
9 8 (22.2%) 1 (4.2%) 
Acute pulmonary 
odema 
8 5 (13.9%) 3 (12.5v) 
Pulmonary 
embolism 
1 1 (2.8%) 0  
Cardiac functions: 
Left ventricular 
ejection fraction  
56.35 ±10.44 59.5 51.5 .009 
Outcomes: 
Duration of ICU stay 13.10 ± 4.55 10.69 16.71 < 0.001 
 In hospital mortality  7 2 5 0.104 
 
 
 
Data derived from Lung ultrasound 
Before SBT, there was no statistically 
significant difference between both groups regarding 
several lung segments showing B pattern, Table 2. 
Table 2: Comparison between both groups before and after 
SBT regarding Number of Lung segments showing B pattern 
Number of 
Lung 
segments 
showing B 
pattern 
Before SBT After SBT 
Group I Group II P value Group I Group II P value 
1.19 ± 1.01 1.54 ± .66 0.112 1.75 ± 1.54 4.71 ± 1.90 < 0.001 
 
After SBT, despite that, both groups showed a 
statistically significant increase in the number of the 
lung segments showing B pattern, yet the increase 
was more evident in group II, Table 3. 
Table 3: Comparative analysis for each group before and after 
SBT regarding the number of Lung segments showing B 
pattern 
Number of 
Lung 
segments 
showing B 
pattern 
Group I Group II 
Before SBT After SBT P value 
Before 
SBT 
After SBT P value 
1.19 ± 1.01 1.75 ± 1.54 0.004 1.54 ± 66 4.71 ± 1.90 < 0.001 
 
A cutoff value for the increase in lung 
segments showed B pattern after SBT was 1.5 
segments with a p value of 0.001, AUC = 0.883, 
Sensitivity = 86.1% and Specificity = 83.3%. 
 
Number of lung segments showing B 
 pattern 
Comparison between both groups before and 
after SBT regarding several lung segments showing B 
pattern is shown in Fig. 2. 
 
Figure 2: Comparison between both groups before and after SBT 
regarding Number of Lung segments showing B pattern 
 
 ROC curve for mean change in the number of 
lung segments showing B pattern is shown in Fig. 3 
 
Figure 3: ROC curve for mean change in the number of lung 
segments showing B pattern 
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Central venous blood gases analysis 
The mean PCO2 values were significantly 
higher in group II before, and after SBT, mean values 
of both PH and ScVO2 were significantly lower in the 
same group just after SBT (Table 4). 
Table 4: Comparison between both groups before and after 
SBT regarding blood gases analysis 
Parameter 
Before SBT After SBT 
Group I Group II P value Group I Group II P value 
PH 7.40 ± 04 7.41 ± .05 0.649 7.38 ± .03 7.30 ± .04 < 0.001 
PCO2 39.71 ± 4.02 44.97 ± 6.13 < 0.001 42.10 ± 4.30 58.8 ± 12.34 < 0.001 
HCO3 24.96 ± 2.79 27.86 ± 5.28 0.036 24.80 ± 2.53 27.72 ± 6.16 0.116 
ScVO2 69.50 ± 5.99 69.52 ± 4.51 0.666 69.23 ± 7.98 48.04 ± 8.28 < 0.001 
 
Regarding group I mean PCO2 showed 
increased values but within the normal range. In 
contrast, group II showed a significant increase in 
mean PCO2 values with statistically significant lower 
PH values (Table 5). 
Table 5: Comparative analysis for each group before and after 
SBT regarding blood gases 
 
Group I Group II 
Before SBT After SBT P value Before SBT After SBT P value 
PH 7.40 ± .04 7.38 ± .03 0.051 7.41 ± .05 7.30 ± .04 < 0.001 
PCO2 39.71 ± 4.02 42.10 ± 4.30 0.001 44.97 ± 6.13 58.80 ± 12.34 < 0.001 
HCO3 24.96 ± 2.79 24.80 ± 2.53 0.489 27.86 ± 5.28 27.72 ± 6.16 0.360 
ScVO2 69.50 ± 5.99 69.23 ± 7.98 0.581 69.52 ± 4.51 48.04 ± 8.28 < 0.001 
 
Central venous oxygen saturation (ScVO2) 
values showed a significant decrease in Group II after 
SBT P-value < 0.001. 
 
Change in Hb and HCT 
Group II showed more increase in mean 
values of Hb and HCT after SBT (Table 6). 
Table 6: Change in Hb and HCT 
Mean change before and 
after SBT  
Group I Group II P-value 
Mean increase in HCT 0.32 ± 1.31 1.48 ± 1.41 0.001 
Mean increase in Hb 0.07 ± .32 0.44 ± .33 < 0.001 
 
 
Discussion 
 
We aimed in our study to make a focused 
view over the changes occurred in lungs during 
weaning from MV which were detected by lung 
ultrasound through increase in B lines with the 
occurrence of weaning induced pulmonary oedema 
(WIPE), coinciding with this changes the occurrence 
of hemoconcentration was detected through increase 
in Hb and HCT values after SBT. The eight lung 
zones protocol was used to detect the prevalence of B 
pattern as it is informative, easy to do in the supine 
position with no need for change in patients positions 
which may cause exhaustion of the patients 
underwent weaning from MV. 
During our evaluation of the studied patients, 
we focused on selection of only the data with 
maximum benefit, quickest to be obtained with 
minimal stress on the studied patients who were 
already under the usual vigorous physical and 
psychological stress occurring during weaning from 
mechanical ventilation. Our results revealed more 
increase in B pattern in patients who failed to pass 
SBT with a concomitant increase in mean Hb and 
HCT values. 
Similar to our results, Soummer et al., [15]
 
conducted a study on one hundred patients to assess 
whether lung derecruitment during spontaneous 
breathing trial assessed by lung ultrasound is 
predictive of post-extubation respiratory distress. Lung 
ultrasound, echocardiography, and plasma B-type 
natriuretic peptide assay were determined before and 
at the end of a 60-min spontaneous breathing trial and 
4 hours after extubation. They concluded that the lung 
derecruitment (assessed by lung u/s) is greater in 
patients who develop post-extubation respiratory 
distress (irrespective of its primary cause) than in 
patients who are definitively weaned (p < 0.001).
 
In 
concordance to our results Carolina et al.,
 
[16], 
studied Fifty-seven subjects eligible for ventilation 
liberation Lung ultrasound assessments were 
performed immediately before and at the end of the 
spontaneous breathing trial. B-predominance was 
defined as any profile with anterior bilateral B-pattern. 
Patients were followed up to 48 hours after 
extubation, and the- failure group showed higher B-
predominance at the end of the trial (p-value 0.01). 
The occurrence of hemoconcentration coinciding with 
increased B lines proved by increase in Hb and HCT 
values make the presence of WIPE more likely these 
findings are similar to the results of Dres M, et al., [17] 
who studied the relation between changes in 
extravascular lung water, blood volume contraction 
indices (including haemoglobin) and B-type natriuretic 
peptide and tho occurrence of weaning-induced 
pulmonary oedema. The study concluded that 
spontaneous breathing trial-induced increases in 
extravascular lung water, plasma protein 
concentrations, haemoglobin concentration, and B-
type natriuretic peptide are reliable alternatives to the 
pulmonary artery catheter for diagnosing weaning-
induced pulmonary oedema.
 
In conclusion, changes in B pattern detected 
by lung ultrasound, together with an increase in 
haemoglobin and hematocrit values could detect the 
changes in lung aeration occurring during weaning 
from mechanical ventilation and correlates with 
weaning outcomes. 
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